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The active surface area of the carbon paper substrates was assessed by chronocoulometry conducted using a 1.0 mM solution of ferricyanide (D = 6.3 × 10 -6 ) in Millipore water containing 0.1 M KCl. 7 The extent of diazonium grafting was calculated using standard coulometric methods.
X-Ray Photoelectron Spectroscopy (XPS).
All XPS spectra were acquired using a VG ESCALAB 220I-XL spectrometer. The X-Rays used were monochromatic Al Kα X-Rays (1486.7eV) with a power of 105W (15 kv, 7 mA). The operating pressure in the main chamber was less than 1 × 10 -8 torr. The X-Ray spot size was elliptical in shape with a semi-major axis of roughly 400µm.
Initial XPS survey scans were collected at a pass energy of 80 eV using a step size of 0.25 eV. All atomic percentages ( ! ) were calculated from the surveys and were determined using
where A i is the area calculated with a Shirley-type baseline, and S i is the relative sensitivity factor. Atomic percentages do not include hydrogen in XPS. The atomic percentages reported are the compiled averages taken from a minimum of five separate spots per each individual carbon substrate sampled, and typically 8 to 10 individual carbon substrates. High-resolution XPS spectra were collected at a pass energy of 20 eV using a step size of 0.1 eV. Reported values for average atomic surface composition are the compiled averages of at least five surface spots from at least eight individual samples (n ≥ 40).
Genaration of Alkynyl Modified Carbon Paper Substrates CP1 and CP2.
Electrochemical grafting and deprotection of diazonium 1 on bare carbon paper substrates was carried out by modifying a previously published procedure. 3 Within a nitrogen filled glove box, a piece of carbon paper (~1 × 2 cm) working electrode was clipped to a platinum wire and immersed in 10 mL of a 0.1 M solution of TBAPF 6 in acetonitrile containing 18.6 mg (50 µmol) of diazonium 1. A platinum gauze auxiliary and silver wire pseudo reference electrode were also placed within the vial. The electrodeposition was carried out by varying the applied potential between 0.5 and -0.3 V with a scan rate of 50 mV/s. The electrochemical grafting to generate CP1 was generally complete after roughly 5 -7 cycles between these potentials. Following the electrochemical grafting, CP1 was rinsed with 8 mL of dry acetonitrile and then soaked in 4 mL of dry acetonitrile for 10 min. This cleaning process was repeated two additional times and the CP1 substrate was then allowed to dry under N 2 .
The TIPS protecting groups of CP1 were removed by immersing the modified carbon substrate in 10 mL of acetonitrile within N 2 filled glove box. To the suspended CP1 substrate was added TBAF (13.0 mg, 50 µmol), and the resulting solution was allowed to stand at room temperature for 2 hr. Following removal of the modified carbon paper with forceps, the alkyne terminated carbon paper (CP2) was rinsed with 8 mL of dry acetonitrile and then soaked in 4 mL of dry acetonitrile for 10 min. This cleaning process was repeated two additional times and the CP2 substrate was then allowed to dry under N 2 . Tabulated XPS data demonstrating average atomic surface composition are reproduced below.
Element
Average Atomic Percent (%) CP1 CP2 C 1s 
Synthetic Protocols
(S1) A hot 50 mL Schlenk flask equipped with a magnetic stir bar and a rubber septum was attached to a double manifold and cooled under vacuum. The flask was backfilled with nitrogen, the septum was removed, and iodophenylferrocene (1.00 g, 2.58 mmol), copper (I) iodide (6.4 mg, 33.6 µmol), and bis(triphenylphosphine) palladium(II) dichloride (18.2 mg, 25.8 µmol) were added. The septum was replaced, the flask was reattached to the double manifold, and evacuated and backfilled with nitrogen three times. Dry, degassed triethylamine (26 mL) and ethynyltrimethylsilane (1.10 mL, 7.73 mmol) were sequentially added using standard syringe technique. The reaction was heated to 55°C in an oil bath for 12 h. After the allotted time, the reaction was cooled to rt and opened to air. The reaction was diluted with dichloromethane (25 mL), transferred to a separatory funnel and washed twice with water (50 mL). The organic layer was dried with magnesium sulfate, filtered, and concentrated in vacuo. The crude reaction mixture was purified by column chromatography (10% CH 2 Cl 2 in hexanes) to afford S1 (94%, 867 mg) as an orange solid: 1 The reaction was sealed with a polyethylene cap and stirred at rt for 18 h. Upon completion, the cap was removed, and the reaction was diluted with dichloromethane (30 mL). The reaction was washed once with water (25 mL) and the aqueous layer was extracted three times with dichloromethane (20 mL) until no orange color remained. The organic layer was dried with magnesium sulfate and concentrated in vacuo to afford alkyne 3 (99%, 691 mg) as a dark orange solid: 1 , and ferrocene boronic acid (3.06 g, 13.3 mmol) were added. The septum was replaced, the flask was reattached to the double manifold, and evacuated and backfilled with nitrogen three times. Anhydrous toluene (89 mL) was added via syringe and the reaction was heated to 100°C in an oil bath. Once the reaction reached 100°C, ethyl 4-bromobenzoate (2.13 mL, 13.1 mmol) was added via syringe. The reaction remained at 100°C for 24 h. Once complete, the septum was removed and the reaction was cooled to rt and diethyl ether (50 mL) was added. The reaction was flushed through a silica gel plug to remove solids and concentrated in vacuo. The crude reaction mixture was purified by column chromatography (10% diethyl ether in hexanes) to afford ester S2 (86%, 3.75 g) as an orange solid: 1 (S3) A hot, dry 200 mL round bottom flask equipped with a magnetic stir bar and a rubber septum was attached to a double manifold and cooled under vacuum. The flask was backfilled with nitrogen, the septum was removed, and ester S2 (3.70 g, 11.1 mmol) was added. The septum was replaced, the flask was reattached to the double manifold, and evacuated and backfilled with nitrogen three times. Anhydrous toluene (111 mL) was added via syringe and the reaction was cooled to -78°C. Once cool, DIBAL (1.2M in toluene, 36.9 mL) was slowly added. The reaction was allowed to slowly warm to rt over 6 h. The reaction was recooled to 0°C and sodium sulfate decahydrate (2.00 g) was added and the slurry was allowed to stir for 1 h after which the reaction was filtered and concentrated in vacuo to afford alcohol S3 (2.82 g, 87%) as an orange solid: 1 (S4) A hot, dry 25 mL round bottom flask equipped with a magnetic stir bar and a rubber septum was attached to a double manifold and cooled under vacuum. The flask was backfilled with nitrogen, the septum was removed, and alcohol S3 (500 mg, 1.71 mmol) was added. The septum was replaced, the flask was reattached to the double manifold, and evacuated and backfilled with nitrogen three times. Anhydrous CH 2 Cl 2 (10 mL) was added via syringe and the reaction was cooled in an ice/NaCl bath to -10°C. Dry, degassed triethylamine (523 µL, 3.75 mmol) and methanesulfonyl chloride (291 µL, 3.75 mmol) were added via syringe. The reaction was allowed to warm to rt and remain at rt for 12 h. The septum was removed and crude reaction was concentrated in vacuo and purified by column chromatography (4) To a 50 mL round bottom flask equipped with a magnetic stir bar and fitted with a reflux condenser was added chloride S4 (405 mg, 1.30 mmol), sodium azide (211 mg, 3.25 mmol), and dimethylformamide (13 mL). The reaction was heated to 70°C for 15 h in an oil bath. Once complete, the reaction was cooled to rt and dichloromethane (15 mL) was added. The solution was extracted three times with brine (15 mL), dried over magnesium sulfate, and concentrated in vacuo. The crude reaction was purified by column chromatography 
Synthesis of Model Ferrocene Derivatives.
(Fc1) A hot 1-dram vial equipped with a magnetic stir bar and a Teflon-lined septum cap was attached to a double manifold using a syringe needle and cooled under vacuum. The vial was backfilled with nitrogen, the cap was removed, and copper iodide (1.8 mg, 9.7 µmol), tertakis(triphenylphosphine)palladium (11.2 mg, 9.7 µmol), and 4-iodophenylferrocene (2) (47 mg, 121 µmol) were added. The septum was replaced, the vial was reattached to the double manifold, and evacuated and backfilled with nitrogen three times. Dry, degassed triethylamine (51 µL), anhydrous degassed dimethylformamide (2.4 mL), and phenylacetylene (27 µL, 242 µmol) were added via syringe. The reaction was heated in an oil bath to 80°C for 15 h. The reaction was cooled to rt, diluted with dichloromethane (10 mL), and extracted twice with saturated aqueous NaCl (10 mL). The organic layer was dried with magnesium sulfate and concentrated in vacuo. The crude reaction was purified by column chromatography (1% EtOAc: hexanes) to afford ferrocene Fc1 (37 mg, 84%) as an orange-red solid: 1 8 To a 10 mL round bottom flask equipped with a magnetic stir bar was added copper chloride (4.5 mg, 45 µmol), alkynyl ferrocene 3 (28.5 mg, 0.100 mmol), pyridine (4 mL), and phenyl acetylene (22 µL, 0.200 mmol). The reaction was heated in an oil bath to 60 °C for 3 h. After cooling to rt, the reaction was concentrated in vacuo. A saturated solution of NH 4 Cl (7 mL) was added and the aqueous layer was extracted twice with CH 2 Cl 2 (7 mL). The organic layer was dried over magnesium sulfate and concentrated in vacuo. The crude reaction was purified by column chromatography (1% CH 2 (Fc3) A hot 25 mL Schlenk flask equipped with a magnetic stir bar and a rubber septum was attached to a double manifold and cooled under vacuum. The flask was backfilled with nitrogen, the septum was removed, and copper sulfate pentahydrate (4.0 mg, 15.8 µmol), ascorbic acid (4.2 mg, 23.7 µmol), and azide 4 (50.0 mg, 158 µmol) were added. The septum was replaced, the flask was reattached to the double manifold, and evacuated and backfilled with nitrogen three times. Anhydrous dimethylformamide (3.16 mL) and phenylacetylene (87.0 µL, 0.788 mmol) were added and the reaction was stirred at rt for 12 h. The septum was removed and CH 2 Cl 2 (5 mL) was added. The reaction was washed twice with brine (10 mL) and the organic layer was dried over magnesium sulfate and concentrated in vacuo to afford ferrocene Fc3 (61.9 mg, 93%) as an orange solid: 1 Procedure for On-Surface Sonogashira Coupling: In a nitrogen-filled glove box copper iodide (2.4 mg, 12.6 µmol) tetrakis(triphenylphosphine)palladium(0) (13.8 mg, 12.0 µmol), iodophenylferrocene (58 mg, 150 µmol), triethylamine (63.6 µL, 45.0 µmol), and anhydrous dimethylformamide (3 mL) were added to a 20 mL vial. A piece of alkynyl modified carbon paper (CP2) with approximate dimensions of 1.0 × 0.5 cm was then added to this solution using forceps. The vial was capped with a polyethylene-lined cap and heated in an aluminum block to 80 °C for 15 min. The reaction solution was then allowed to cool to room temperature and the modified carbon substrate was removed from solution using forceps. The modified substrate was cleaned by pipetting 4 mL of dry acetonitrile onto both faces of the paper in order to remove excess reagents. The washed substrate was then placed in a clean vial and soaked in 8 mL of dry dimethylformamide for 1 hr. Following removal from the DMF with forceps, the carbon paper was washed again with 4 mL of dry acetonitrile and then soaked for an additional hour in 8 mL of acetonitrile. Following one final rinse with 4 mL of acetonitrile, the modified CP3 substrate was dried by evaporation under nitrogen for several minutes. The average atomic surface composition of CP3 was determined by XPS analysis as described above. High-resolution XPS spectra recorded for CP3 routinely showed the presence of iron (0.29 ± 0.08 %) with only trace levels of copper, iodine and palladium. XPS survey spectra showed the presence of low levels of residual silicon from the diazonium electrodeposition.
Procedure for On-Surface Glaser Coupling: Copper bromide (2.6 mg, 18.0 µmol), ferrocene derivative 2 (21.5 mg, 75 µmol), and pyridine (3 mL) were combined in a 20 mL vial under air. A piece of alkynyl modified carbon paper (CP2) with approximate dimensions of 1.0 × 0.5 cm was then added to this solution using forceps. The vial was loosely sealed with a polyethylene-lined cap and heated in an aluminum block at 60 °C for 3 hrs. After the reaction was cooled to room temperature, the carbon substrate was removed from vial using forceps and was transferred to a nitrogen-filled glovebox. The modified substrate was cleaned by pipetting 4 mL of dry acetonitrile onto both faces of the paper in order to remove excess reagents. The washed substrate was then placed in a clean vial and soaked in 8 mL of dry dimethylformamide for 1 hr. Following removal from the DMF with forceps, the carbon paper was washed again with 4 mL of dry acetonitrile and then soaked for an additional hour in 8 mL of acetonitrile. Following one final rinse with 4 mL of acetonitrile, the modified CP4 substrate was dried by evaporation under nitrogen for several minutes. The average atomic surface composition of CP4 was determined by XPS analysis as described above. High-resolution XPS spectra recorded for CP4 routinely showed the presence of iron (0.12 ± 0.05 %) with only trace levels of copper and bromine. XPS surveys showed the presence of low levels of residual silicon from the diazonium electrodeposition.
Procedure for On-Surface Huisgen Coupling:
In a nitrogen-filled glovebox, copper sulfate pentahydrate (2.5 mg, 10.0 µmol), ascorbic acid (2.6 mg, 15.0 µmol), ferrocene derivative 4 (31.7 mg, 0.100 mmol) and dry dimethylformamide (2 mL) were combined in a 20 mL vial. A piece of alkynyl modified carbon paper (CP2) with approximate dimensions of 1.0 × 0.5 cm was then added to this solution using forceps and the vial was sealed with a polyethylene-lined cap. The reaction mixture was allowed to stand in the glovebox at room temperature. After 2 hrs, the modified carbon paper was removed from solution using forceps. The modified substrate was cleaned by pipetting 4 mL of dry acetonitrile onto both faces of the paper in order to remove excess reagents. The washed substrate was then placed in a clean vial and soaked in 8 mL of dry dimethylformamide for 1 hr. Following removal from the DMF with forceps, the carbon paper was washed again with 4 mL of dry acetonitrile and then soaked for an additional hour in 8 mL of acetonitrile. Following one final rinse with 4 mL of acetonitrile, the modified CP5 substrate was dried by evaporation under nitrogen for several minutes. The average atomic surface composition of CP5 was determined by XPS analysis as described above. High-resolution XPS spectra recorded for CP5 routinely showed the presence of iron (0.30 ± 0.05 %) with only trace levels of copper and iodine.
X-ray Structural Solution and Refinement. Crystals were selected, mounted on plastic mesh with viscous oil, cooled to 200 K, and diffraction data were collected either on a Bruker-AXS Smart Apex diffractometer (FC1 and Fc2) using Mo k-α radiation monochromated with graphite or on a Bruker AXS Apex 2 Duo diffractometer using Cu k-α radiation monochromated and focused using Goebel mirrors (Fc3). Data were corrected for absorption using multiscan methods (Fc1 and Fc2) or numerical methods (Fc3) [APEX2, Bruker-AXS Inc., 2007, Madison, Wisconsin, USA.] The structures were solved using direct methods and refined using full matrix least squares based on F 2 with atomic scattering factors contained in the SHELXTL program suite. 9 No symmetry higher than triclinic was observed for Fc2 and solution in the centrosymmetric space group option yielded chemically reasonable and computationally stable results of refinement. Systematic absences and unit cell parameters are consistent, uniquely, for P2 1 /c for Fc1 and for P2 and P2/m for Fc3. Occupancy and the absence of a molecular plane were consistent with P2 for Fc3. The Flack parameter refined to essentially nil indicating the true hand of the data was determined, and an inspection of the unit cell-packing diagram did not reveal any overlooked symmetry. All non-hydrogen atoms were refined with anisotropic displacement parameters. All other hydrogen atoms were placed in calculated positions as idealized contributions. S-4 Fully labeled thermal ellipsoid plots of Fc1 -Fc3. Ellipsoids are shown at 50% probability and all hydrogen atoms are omitted for clarity. 
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